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ORGANIC-INORGANIC HYBRID VITREOUS
MATERIAL

TECHNICAL FIELD

The present mmvention relates to an organic-inorganic
hybrid vitreous material that has characteristics of inorganic
glass and plastic as a transparent material and 1s usable as an
alternative of them.

BACKGROUND OF THE INVENTION

Hitherto, inorganic glass has been used as a transparent
material. Inorganic glass 1s superior in transparency, low in
water absorption, and very stable. Therefore, 1t has widely
been used as a general-purpose optical matenial. There has
been, however, a problem that it 1s very heavy as specific
gravity 1s 2.5.

Furthermore, 1n the case of using 1norganic glass, a heating
01 350° C. or higher 1s necessary even in low ones. Thus, there
are problems that the forming step becomes complicated and
the production cost becomes high, and the like.

To solve these problems, there 1s proposed an organic-
inorganic hybrid vitreous material that 1s obtained by poly-
condensation of an organoalkoxysilane, makes a low-tem-
perature forming possible, and 1s low in water absorption
coellicient (see Patent Publication 1).

Patent Publication 1: Japanese Patent Application Publication
2005-146222

SUMMARY OF THE INVENTION

One described, for example, 1n the above-mentioned Japa-
nese Patent Application Publication 2005-146222 1s possible
to be formed at a relatively low temperature and 1s also low 1n
water absorption coelficient at saturation. There 1s, however,
a problem that 1t 1s brittle and tends to be broken due to 1ts low
physical strength. This 1s caused by a small number of
molecular bonds 1n the material and can be improved by the
preparation conditions. Its properties, however, become close
to mnorganic glass by increasing the bonds, thereby loosing an
advantage of the forming possibility at low temperature.

Thus, there has not yet been obtained a material that has
both properties of low water absorption of inorganic glass and
forming possibility of plastic at low temperature and has a
strength to withstand the normal uses.

According to the present invention, there 1s provided an
organic-mnorganic hybrid vitreous material comprising a
composite of a polycondensate of an organoalkoxysilane rep-
resented by R" Si(OR?),_, (R' is an organic group, R” is a
C,-C; alkyl group, and n 1s 1-2) and an organic polymer,
wherein the polycondensate of the organoalkoxysilane 1s in
40-70 wt % and the organic polymer 1s 1n 30-60 wt % 1n case
that the total weight of the composite 1s taken as 100 wt %.

The organic polymer may be polyester.

Furthermore, the above organic-inorganic hybrid vitreous
material can have 85% or greater 1n visible light ray transmait-
tance according to JIS R3106 at a thickness of 2 mm.

Furthermore, melting point of the above organic-inorganic
hybrid vitreous materal 1s, for example, 50° C. to 200° C.

DETAILED DESCRIPTION

According to the present invention, 1t 1s possible to obtain
a transparent material that 1s usable for optical uses and that
has both properties of low water absorption of inorganic glass
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and forming possibility of plastic at low temperature and has
a strength to withstand the normal uses.

An organic-inorganic hybrid vitreous material according
to the present invention 1s usable 1n wide fields of optical
materials, such as a field where low-melting glass 1s used,
such as sealing and covering materials of display parts such as
PDP, optical information-communication device materials
such as optical switch and optical coupler, optical instrument
materials such as LED chip, optical functional (nonlinear)
optical materials, adhesive materials, and the like; and a field
where organic materials such as epoxy are used.

Although the increase of percentage of the polycondensate
of the organoalkoxysilane 1s advantageous to lower water
absorption, the resulting organic-inorganic hybrid vitreous
material becomes brittle and tends to be broken. Thus, 1t 1s
desirable that the polycondensate of the organoalkoxysilane
1s 1n 70% or lower, and therefore 1t 1s desirable that the organic
polymer 1s 1n 30% or higher. On the contrary, the increase of
percentage of the organic polymer results 1n increase of water
absorption. This 1s not practical. Thus, the organic polymer 1s
desirably 60% or less. Therefore, the polycondensate of the
organoalkoxysilane 1s desirably 40% or greater.

I1 1t 1s 1n the outside of this range, other characteristics are
the same as those in the case of the singular use, thereby not
obtaining the effect of the mixing. Therefore, 1t 1s desirably 1n
this range.

It 1s possible by a method shown in the following to syn-
thesize the polycondensate of the organoalkoxysilane used in
the present invention. It 1s preferably produced by using the
organoalkoxysilane as the starting raw material, mixing with
suitable amounts of water, catalyst and alcohol, and then
going through a heating hydrolysis reaction step, a melting,
partial polycondensation step, and a high-temperature poly-
condensation completion step.

As the catalyst, 1t 1s possible to use acetic acid, nitric acid,
hydrochloric acid, etc. as acid catalyst, and ammonia as alkali
catalyst.

The organoalkoxysilane as the raw material 1s one that has
partially been replaced with organic group, as shown by R* Si
(OR?),_, (inthe formula, R' is an organic group, R*isa C,-C.
alkyl group, and n 1s 1-2). It 1s preferably selected from
organoalkoxysilicas having as the organic group aryl group
such as phenyl group and naphthyl group, or alkyl group such
as methyl group, ethyl group, propyl group (n- and 1-), and
butyl group (n-, 1- and t-), methacryloxy group, vinyl group,
glycide group, mercapto group, etc., and having as the
alkoxyl group methoxy group, ethoxy group, propoxy group
(n- and 1-), efc.

Furthermore, of these, 1t 1s particularly desirable to contain
phenyl group 1n order to have low melting point and to lower
soltening point, and to contain mercapto group 1n order to
increase compatibility with the organic polymer.

It 1s preferable that water used 1n the mixing step 1s at least
three times by mol the alkoxyl group of the organoalkoxysi-
lane. In conventional sol-gel processes, although 1t also
depends on the type of the alcohol, 1t has been said to use
water at a minimum necessary for hydrolysis. This originates
from a basic problem to suppress a rapid hydrolysis and the
formation of an unstable sol. Although much water may be
used upon forming a sol-gel film 1n the form of thin film, 1t 1s
reduced as much as possible 1n the case of making 1t into a
bulk form. For example, 1t has been about 2 times by mol the
alkoxy group 1n conventional processes. However, 1n the case
of having an aging step, when water used 1n the mixing step 1s
less than two times by mol the alkoxy group, there occurs a
problem that much time 1s necessary for the aging step. How-
ever, even 1f the amount of water 1s too much, much time
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becomes necessary 1n the aging step. Therefore, it 1s more
preferably five times to twenty times by mol the alkoxy group.
In the mixing step, water, ethanol, acetic acid as catalyst are
added to the oxide precursor, followed by mixing with stir-
ring. This order 1s not important.

As the alcohol, typical ones are methanol, ethanol, 1-pro-
panol, 2-propanol, 1-butanol, 2-methyl-1-propanol, 2-bu-
tanol, 1.1-dimethyl-1-ethanol, etc. It 1s not limited to these.

It 1s preferable to have a heating reaction step, prior to the
melting step, that 1s, between the mixing step of the starting,
raw materials and the melting step by heating. This heating,
reaction step 1s conducted at a temperature of from 40° C. to
100° C. In the outside of this temperature range, 1t 1s not
possible to appropriately contain 1n the structure a unit having,
an organic functional group R, for example, an organosilox-
ane represented by (R S10,_,,,,) (n1s selected from 1 and 2),
and in more detail phenyl siloxane (Ph,S10,_,,,) where the
organo group 1s phenyl group, methylsiloxane (Me,
S104.,,,y,) Where it 1s methyl group, ethylsiloxane (Et,
S104.,,,y,) Where 1t 1s ethyl group, butylsiloxane (Bt,
S10,.,,2) (01=1-2) where 1t 1s butyl group, etc. Therefore, it
becomes extremely difficult to obtain a polycondensate of the
organoalkoxysilane that can be melted 1n the melting step.

This organic functional group R 1s typically an alkyl group
or aryl group. The alkyl group may be of either straight-chain
type, branched type, or cyclic type. As the alkyl group, 1t 1s
possible to cite methyl group, ethyl group, propyl group (n-
and 1-), butyl group (n-, 1- and t-), etc. Particularly preferable
ones are methyl group and ethyl group. Furthermore, as the
aryl group, there are phenyl group, pyridyl group, tolyl group,
xylyl group, etc. A particularly preferable one 1s phenyl
group. Of course, the organic functional group is not limited
to the above-mentioned alkyl group or aryl group.

The upper limit temperature of the heating reaction step 1s
100° C. or lower 1n the case of using an alcohol having a
boiling point exceeding 100° C., for example, 1-butanol of
118° C., but it 1s desirable to consider boiling point, too, 1n
alcohols having a boiling point of 100° C. or lower. For
example, 1n the case of using ethanol, there i1s a tendency to
have a good result by setting 1t at the boiling point of 80° C. or
lower. This 1s supposed to be due to difficulty of achievement
ol a homogeneous reaction by the amount of alcohol and the
change of state since alcohol evaporates abruptly when 1t
exceeds the boiling point.

The melting step by heating 1s treated at a temperature of
from 30° C. to 400° C. At a temperature lower than 30° C., 1t
cannot be melted substantially. If 1t exceeds 400° C., not only
a desired polycondensate cannot be obtained due to combus-
tion of the organic groups that are attached to S1 that forms a
network, but also there occurs crushing or bubble to become
opaque. It 1s desirably from 100° C. to 300° C.

By going through the melting step and the aging step, 1t 1s
possible to obtain a stabilized polycondensate. Since the
above melting step does not exist 1n sol-gel processes con-
ducted hitherto, there 1s naturally none of the subsequent
aging step.

In the aging step, 1t 1s treated at a temperature of from 30°
C.1t0400° C. Atatemperature lower than 30° C., aging cannot
be conducted substantially. If 1t exceeds 400° C., it may be
pyrolyzed, and 1t becomes difficult to obtain a stable vitreous
material. It 1s desirably from 100° C. to 300° C. Furthermore,
when this aging temperature 1s lower than the melting lower
limit temperature, 1ts effect becomes extremely small. It 1s
necessary to have five minutes or longer as the time required
for the aging. The aging time depends on the amount of the
treatment, the treatment temperature, and the amount of
allowable residue of the reaction active hydroxy groups
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(—OH), but 1t 1s generally extremely difficult to reach a
satisfactory level with less than five minutes. Productivity 1s
lowered with long time. Therefore, it 1s desirably from 10
minutes to one week.

In the melting step or aging step by heating, there 1s a
tendency to be able to shorten the time by conducting 1t under
inert atmosphere, under pressure, or under reduced pressure.
Furthermore, microwave heating 1s also effective. Further-
more, 1t 1s optional to continuously conduct the heating reac-
tion step, the melting step, and the aging step.

It 1s necessary for the organic polymer used in the present
invention to be a transparent polymer that shows thermoplas-
ticity and contains an aromatic ring, 1 order to make 1t
homogeneous and transparent 1n the case of making a com-
plex together with the polycondensate of the organoalkoxysi-
lane.

The reason of the necessity to contain an aromatic ring has
not clearly been demonstrated, but 1t 1s because we consider
that compatibility increases by m-m bond with the aromatic
ring to have a tendency to become transparent by containing
phenyl group 1n the polycondensate of the organoalkoxysi-
lane.

Since water absorption coellicient at saturation of the poly-
condensate by 1tsell of the organoalkoxysilane used in the
present invention 1s as very low as 0.03%, for example, 1n the
case of maintaining water absorption coellicient at saturation
at 0.1% or lower, reaction 1s possible as long as water absorp-
tion coelficient at saturation of the organic polymer 1s 0.14%
or lower.

Such organic polymer 1s, for example, polyester. Since
polyester 1s generally high in light transmaittance, 1t 1s also
desirable 1n optical uses. Polyester 1s obtained by a polycon-
densation between dicarboxylic acid and diol. One usable 1n
the present invention 1s not particularly limited, as long as 1t
can be mixed with the polycondensate of the organoalkoxysi-
lane after dissolution 1n solvent, such as polyethylene tereph-
thalate (PET) prepared by using terephthalic acid as the dicar-
boxylic acid and ethylene glycol as the diol.

For example, as the dicarboxylic acid, 1t 1s optional to use
2,6-naphthalenedicarboxylic acid, etc. besides terephthalic
acid. Furthermore, as the diol, it 1s possible to use one having
a different chain length, such as 1,3-propanediol and 1,4-
butanediol, besides ethylene glycol. In general, there 1s a
tendency that hardness increases with one having a longer
chain. A suitable one may be selected depending on use.

Furthermore, as the diol, 9,9-bis[4-(2-hydroxyethoxy)phe-
nyl]tluorene (BHEPF) represented by the following formula,

|Chemuical Formula 1|

anh
X F
\ /
HO — H,CH,CO OCH,CH,—OH

and the like are also desirable. BHEPF 1s superior 1n optical
characteristics and has an advantage that the polyester to be
produced 1s made to be more soluble 1n solvent. For example,
PET i1s almost not soluble 1n tetrahydroxyﬁlran and chloro-
form, but one prepared by using BHEPF 1s soluble 1n both
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solvents. This 1s particularly advantageous in order to dis-
solve 1t 1n solvent and then mix i1t with the polycondensate of
the organoalkoxysilane.

Asthediol, it1s also possible to use one prepared by mixing
together suitable amounts of ethylene glycol and this BHEPF.
In this case, the polyester to be obtained will have a structure
represented by the following formula.

R

X

<\_/> /_\
/ \

——0—H,CH,CO

-

F

OCH,CH,—0O—C

In the above formula, each of m and n represents an arbitrary
number.

In this case, ethylene glycol: BHEPF=about 0.2:0.8 to 0.8:

0.2 by molar ratio 1s desirable. By changing the ratio of
cthylene glycol to BHEPE, 1t 1s possible to suitably change
properties of the polyester to be obtained, and it 1s possible to
adjust easiness of the mixing with the polycondensate of the
organoalkoxysilane and the properties of the organic-inor-
ganic hybrid vitreous material to be finally obtained. For
example, when the amount of BHEPF increases, the polyester
becomes easily soluble 1n solvent, resulting 1n an easy mixing,
with the polycondensate of the organoalkoxysilane. Glass
transition point, however, increases gradually, resulting in
difficulty 1n shaping of the final product.

To finally obtain an organic-inorganic hybrid vitreous
material of the present invention, although it 1s not particu-
larly limited, there 1s normally taken a method 1n which the
necessary amounts of the organic polymer and the solvent for
dissolution are added, at a stage at which the aging step has
been completed 1n the step for synthesizing the polyconden-
sate of the organoalkoxysilane, to achieve a complete disso-
lution and a homogeneous dispersion.

It 1s necessary for the usable solvent to dissolve both of the
polycondensate of the organoalkoxysilane and the organic
polymer. Tetrahydroxyturan, xylene, toluene, chloroform,
ctc. fall under the solvent. In consideration of distilling the
solvent off, tetrahydroxyfuran 1s particularly preferable.

Furthermore, it 1s also effective to add a titamium complex
as a compatibility increasing agent between the polyconden-
sate ol the organoalkoxysilane and the organic polymer. As
the titantum complex, there are titanium acetylacetonate, tita-
nium tetraacetylacetonate, titanium ethylacetoacetate, tita-
nium octanediolate, etc. Of these, titantum octanediolate 1s
preferable 1n terms of thermal stability at the heating forming
temperature.

The amount of addition 1s from 0.1 wt % to 0.5 wt %,
preferably 0.2-0.4 wt %, relative to a main component that 1s
a combination of the polycondensate of the organoalkoxysi-
lane and the organic polymer. In case that 1t 1s less than 0.1
wt %, there 1s no effect of addition, resulting 1n no obtainment
of a transparent body. IT 1t exceeds 0.5 wt %, 1t tends to have
a color from yellow to brown and tends to become a thermally

hardened body.
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Thus, 1t becomes an organic-inorganic hybrid vitreous
material by dissolution and homogeneous dispersion and then
by heat treatment to distill the solvent off.

Although an organic-inorganic hybrid vitreous material of

the present invention 1s different 1n melting point depending
on the starting material of the polycondensate of the orga-

|Chemical Formula 2]

noalkoxysilane, selection 1s possible at a suitable time to
conform to the target form, such as:

(1) after having a melted condition at a temperature that 1s
melting point or higher, 1t 1s poured mto a mold having a
predetermined shape to have a final molded body;

(2) after a melting molding 1n the form of precursor, 1t 1s
pressed at a temperature that 1s softening temperature or
higher into a final molded body; and

(3) a solidified matenial by cooling 1s turned 1nto a final
molded body by grinding.

The molded body formed by the above-mentioned method
1s used for uses 1n which various properties such as transpar-
ency, low water absorption, etc. are directly applied.

EXAMPLE 1

In the following, 1t 1s explained by examples.

As the organoalkoxysilanes, diphenyldiethoxysilane and
mercaptopropyltrimethoxysilane were used. As the mixing
step, 25 g of diphenyldiethoxysilane and 1.5 g of mercapto-
propyltrimethoxysilane were added dropwise with stirring
into a mixed solution of 90 g of water, 92 g of ethanol, 0.6 g
of acetic acid as catalyst. As the reaction step, 1t was hydro-
lyzed by heating at 60° C. for 3 hours. Then, 1t was increased
to 150° C., and a partial polycondensation was conducted by
heating for 5 hours while it was melted. Then, a transparent
polycondensate was obtained by cooling to ordinary tempera-
ture.

As a copolymer formed of terephthalic acid, ethylene gly-
col and BHEPF, a polyester was synthesized by mixing 1n a
manner that the molar ratio of ethylene glycol to BHEPF
becomes 6:4.

50 g of this polyester was blended 1n relative to 50 g of the
above-synthesized polycondensate, followed by dissolution
in 300 g of tetrahydrofuran as the solvent and stirring at
ordinary temperature until complete dissolution. Then, there
was added 0.2 g of titanium octanediolate as the titanium
complex, followed by distilling the solvent off at 150° C.,
thereby obtaining an organic-inorganic hybrid vitreous mate-
rial.

This organic-inorganic hybrid vitreous material 1n a pre-
determined amount was added into a silicone mold. Then,
melting was conducted by maintaining 1t for 90 minutes under
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reduced pressure 1n an atmosphere of 245° C. by using a
vacuum oven. With this, 1t became possible to make 1t con-
form to the mold shape. Then, 1t was cooled to ordinary
temperature, thereby preparing a circular specimen having a
diameter of 18 mm and a thickness of 2 mm.

This specimen was subjected to a visible light transmit-
tance measurement based on JIS R3106 by using a spectro-
photometer U-4000 made by NIPPON DENSHOKU. As
soltening temperature, detlection temperature was measured
under a load of 1 g by using a thermal expansion measuring
apparatus TMAS310 made by RIGAKU. As hardness, a
spring loaded value was measured based on JIS K 6253 by
using a durometer (a spring-type durometer) Type D of

(GS-702G made by TECLOCK.
The measurement results are shown 1n Table 1.

EXAMPLE 2

A specimen was prepared, and evaluation was conducted
by the same operation as that of Example 1, except in that the
polycondensate of the organoalkoxysilane prepared by
Example 1 was made to be 70 g and that the fluorene-con-
taining polyester was made to be 30 g.

EXAMPLE 3

A specimen was prepared, and evaluation was conducted
by the same operation as that of Example 1, except in that the
polycondensate of the organoalkoxysilane prepared by
Example 1 was made to be 40 g and that the fluorene-con-
taining polyester was made to be 60 g.

EXAMPLE 4

A specimen was prepared, and evaluation was conducted
by the same operation as that of Example 1, except 1n that in
Example 1 the mercaptopropyltrimethoxysilane was made to

be 2.5 mol %, and the titanium complex was made to be 0.5
wt %.

EXAMPLE 5

A specimen similar to that of Example 1 was prepared, and
evaluation was conducted by the same operation as that of
Example 1, except in that in Example 1 the mercaptopropy-
Itrimethoxysilane was made to be 12.5 mol %, and the tita-
nium complex was made to be 0.1 wt %.

COMPARAITIVE EXAMPLE 1

A specimen was prepared, and evaluation was conducted
by the same operation as that of Example 1, exceptinthat only
the polycondensate of the organoalkoxysilane, which had
been synthesized in Example 1, was used. As a result, 1t was
broken into small pieces.

TABLE 1
Visible Light Softening

Transmittance (%) Temp. (° C.) Hardness
Example 1 87 138 52
Example 2 8 135 36
Example 3 8% 139 60
Example 4 87 145 48
Example 5 85 132 43
Com. Ex. 1 90 120 (Break)
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3
(Results)

As understood from Table 1, those of Examples of the
present invention were 85% or greater 1n visible light trans-
mittance and 100-200° C. 1n softening temperature and were
ones suiliciently capable of being applied to optical maternials
from the viewpoint of hardness, too. In contrast with this, one
of Comparative Example had a problem such as low hardness.

The invention claimed 1s:

1. A method for producing an organic-inorganic hybrid
vitreous material comprising a composite of a polyconden-
sate of an organoalkoxysilane and an organic polymer,

the method comprising the steps of:

(a) dissolving the polycondensate of the organoalkoxysi-
lane represented by R' Si(OR?), ., where R' is an
organic group, R” is a C,-C; alkyl group, and n is 1-2,
and the organic polymer 1n a solvent to prepare a solu-
tion;

(b) adding a titammum complex, as a compatibility increas-
ing agent for the polycondensate of the organoalkoxysi-
lane and the organic polymer, to the solution; and

(c) distilling the solvent out of the solution such that the
polycondensate of the organoalkoxysilane 1s 40-70 wt %
and the organic polymer1s 30-60 wt %, based on the total
weilght of the composite.

2. A production method according to claim 1, wherein the
organic polymer of claim 1 1s a polyester.

3. A production method according to claim 1, wherein the
organic group R' of claim 1 comprises a phenyl group.

4. A production method according to claim 1, wherein the
organic group R' of claim 1 comprises a mercapto group.

5. A production method according to claim 1, wherein the
polycondensate of the organoalkoxysilane of claim 1 1s
obtained by a method comprising a step of mixing together
the organoalkoxysilane, water, catalyst and alcohol; a heating
reaction step; a melting step; and an aging step.

6. A production method according to claim 5, wherein the
heating reaction step 1s conducted at a temperature o1 40-100°
C., and each of the melting step and the aging step 1s 1nde-
pendently conducted at a temperature of 100-300° C.

7. A method for producing an organic-inorganic hybnd
vitreous material comprising a composite of a polyconden-
sate of an organoalkoxysilane and an organic polymer,

the method comprising the steps of:

(a) dissolving the polycondensate of the organoalkoxysi-
lane represented by R' Si(OR?%), , where R' is an
organic group, R” is a C,-C; alkyl group, and n is 1-2,
and the organic polymer 1n a solvent to prepare a solu-
tion;

(b) adding a titantum complex, as a compatibility increas-
ing agent for the polycondensate of the organoalkoxysi-
lane and the organic polymer, to the solution; and

(c) distilling the solvent out of the solution such that the

polycondensate of the organoalkoxysilane 1s 40-70 wt %
and the organic polymer 1s 30-60 wt %, based on the total
weilght of the composite,

wherein the titantum complex 1s titantum octanediolate.
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8. A method for producing an organic-inorganic hybrid
vitreous material comprising a composite of a polyconden-
sate of an organoalkoxysilane and an organic polymer,

the method comprising the steps of:

dissolving the polycondensate of the organoalkoxysilane
represented by R* Si(OR?),_ , where R' is an organic
group, R” is a C,-C. alkyl group, and n is 1-2, and the
organic polymer in a solvent to prepare a solution; and
distilling the solvent out of the solution such that the poly-

condensate of the organoalkoxysilane 1s 40-70 wt % and 1

the organic polymer 1s 30-60 wt %, based on the total
weilght of the composite,

wherein the organic polymer 1s a polyester obtained by a
polycondensation between a dicarboxylic acid and a
diol, and wherein the diol 1s 9,9-bis[4-(2-hydroxy-
cthoxy)phenyl|fluorene represented by the following
formula:
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